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(57) Abstract 

An agent for detection of gene structures which are characteristic of humans having a tendency to develop insulin- 
dependent diabetes mellitus (IDDM), consisting of or containing a DNA sequence from the HLA-DG P-chain gene with 
154 bp from intron I (IVS1) and adjoining first 12 bp of exon 2 or a reactive fragment thereof. There is moreover disclosed 
a process for identification of said DNA structure by hybridization of chromosomes from the individual to be tested with 
the agent in a labelled stated and detection of the labelled hybrid. 
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A process and an agent for detection of gene structures 
in humans having a great tendency to develop IDDM 



A process and an agent for detection of gene structures 
in humans having a great tendency to develop IDDM. 

5 Insulin-dependent Diabetes mellitus, also called IDDM, 
is a disease which is often developed in an early age. 
IDDM is thus the most common chronic, metabolic disease 
in children. The etiology has not been fully determined 
as yet, but it is assumed that the disease can be released 
10 by actuation of a still unknown virus or by other external 
effects. 

The pathogenesis comprises phenomena of an autoimmune 
nature, including the presence of insulitis islet cell 
autoantibodies or organospecif ic autoantibodies or diseases 

15 of an autoimmune nature, cf . Gepts, W. "Pathologic anatomy 
and the pancreas in juvenile diabetes mellitus". Diabetes 
14:619-633 (1965). Foulis A. K. and J. A. Stewart. "The 
pancreas in recent-onset Type 1 (insulin-dependent) diabetes 
mellitus: insulin cintent of islets, insulitis and asso- 

20 ciated changes in exocrine acinar tissue". Diabetologia. 
26:456-461 (1984). 

Individuals having certain hereditary characteristics 

have a particularly great tendency to develop IDDM. Although 

the hereditary factor has not been fully explained , it 

25 has been found that 95% of IDDM patients has antigens 

for the gene structure HLA-DR 3 and/or 4; Platz. P., B. 
K. Jakobsen, M. Morling, L. P. Ryder, A. Svejgaard, M. 
Thomsen, M. Christy, H. Kromann, J. Benn, J. Nerup and 
A. Green, "A genetic analysis of insulin-dependent dia- 

30 betes mellitus, Diabetologia 21, 108-115 (1982), and Wolf, 
E., K. M. Spencer and A. G. Cudworth "The genetic suscep- 
tibility to type I (insulin-dependent) diabetes. "Analysis 
of the HLA-DR association", Diabetologia 24, 224-230 (1983). 
HLA-DR 3/4 heterozygous individuals thus have the greatest 
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risk of developing . IDDM. ^ 

Though almost all IDDM patients have antigens for HLA-DR 
3 and/or 4, determination of this gene is not suitable 
for identification of individuals having a great tendency 
5 to develop IDDM, since the frequency of individuals having 
such specific hereditary characteristics is about 60% 
of the entire population, and just a small fraction ac- 
tually develops IDDM- Even in families with two or more 
children having IDDM, the risk of an HLA-DR identical 
10 sister or brother is only 15-30%, cf . the above-mentioned 
literature. 

It is known to use an HLA-DQ B -chain cDNA probe, Bohme, 

J., B. Carlsson, J. Wallin, E. Moller, Persson, P. 

A. Peterson and L. Rask. "Only one DQ 8 restriction frag- 

15 ment pattern of iea^:h DR specificity is associated with 

insulin-dependent diabetes", J. Immunol,, 1986, for detec- 
tion of gene structures characteristic of individuals 
having a great tendency to develop IDDM, Such a probe 
can be used for tissue type determination of individuals 

-20 having a great tendency to develop -IDDM since the probe 
hybridizes to HLA-DQ & -chain genes. 

The probe in question is produced from genomic DNA from 
lymphocytes by cleavage with BamHI restriction enzyme 
and isolation of a 3.7 kb fragment. 

25 It is also known that the HLA-DQ g-chain probe is non- 
specific. 

The present invention is based on the finding that a con- 
siderably smaller DNA sequence, which forms part of the 
mentioned 3.7. kb fragment, has increased specificity and 
30 is particularly useful as a probe for.. tissue type deter- 
minations to identify individuals having a risk great 
of developing IDDM. This DNA sequence, called IVSI (166 
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bp), and fragments of it have not been produced or iso- 
lated before. 

Thus, the invention concerns an agent for detection of 
gene structures which are characteristic of individuals 
5 having a tendency to develop insulin-dependent- diabetes 

mellitus (IDDM), consisting of or containing a DNA sequence 
from the HLA-DQ g-chain gene, and the agent is charac- 
terized in that the DNA sequence comprises 154 bp from 
intron 1 (IVSI) and the adjoining first 12 bp of exon 
10 2 or a reactive fragment thereof. 

The invention also concerns a process for producing the 
agent, said process being characterized by hybridizing 
chromosomes from a human cell with the agent of claim 
1 or 2 in a labelled state, and then detecting the hybrid 
1 5 thus ^label led . 

The present probe, IVSI (166 bp), hybridizes with the 
HLA-DQ 0-chain gene, which can be detected by known tech- 
niques for tissue type determination. 

In the process of the invention for identification of 
20 individuals preferably having a great tendency to develop 
IDDM, DNA is isolated from nucleated blood cells from 
the individual in question, and they. are hybridized with 
an IVSI (166 bp) probe. Hybridization is usually effected 
by usual blotting technique, using labelling of the IVSI 
25 probe with radioactive isotopes for detection of positive 
reaction. 

The invention will be illustrated more fully below by 
means of a working example. 

EXAMPLE 1 



30 



The procedure started with a Swedish family without IDDM 
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and without NIDDM for cloning of a BamHI 3.6 kb fragment 
from an HLA-DR 4, containing chromosome r cf. Michelsen, 
B. r W. Eastern, A- Lernmark, and D. Owerbach "Identifica- 
tion of and HLA-DC fi-chain related genomic sequence asso- 
5 ciated with insulin-dependent diabetes" . Biomed. Biochem. 
Acta, 44:33-36 (1985), The individual giving blood for 
cloning was a healthy HLA-DR2/4, 3*7 kb fragment- positive 
mother with two daughters. Her husband is HLA-DR3/7, and 
their two daughters are HLA-DR2/3 and 4/7/ respectively. 

10 The HLA-DR4/7 daughter also has the BamHI 3.7 kb fragment , 
which is therefore present on the HLA-DR4 containing chro- 
mosome in the mother. Mononuclear cells were obtained 
from 30 ml of blood by Ficoll-Hypaque gradient centrifu- 
gation, and DNA was extracted as described below. About 

15 50 yug of DNA were digested with BamHI and electrophoresed 
in 1% agarose gel together with suitable molecular weight 
markers.- The region 3.4 to 3.8 kb was cut off from the 
gel, and the DNA fragments were recovered by electroelu- 
tion. This fraction of the fragment was ligated into the 

20 BamHI site in pUC8 and used for transforming E. coli JM 

. 10528. Recombinant plasmids were identified as those giving 
white colonies on. LB plates with 20 ^ug/ml of both IPTG 
and BCIG, and they were screened for HLA-DQ related se- 
quences by in situ hybridization on nitro cellulose fil- 

25 ters with nick translated DQ $-cDNA probe , cf . the above- 
mentioned literature. 

Production of DNA 

Mononuclear cells f obtained from 10 ml blood by Ficoll- 
Hypaque gradient centrifugation, were digested overnight 
30 at 37 °C in 0.02% proteinase K and 1% weight/volume of 

sodium dodecyl sulfate (SDS) in 10 mM Trsi-HCl to buffer 
(pH 7.4) containing 1 mM EDTA (TE buffer). After phenol 
and chloroform extractions , DNA was precipitated with 
ethanol and resuspended in TE buffer. 



Genomic blots 



10 to 20 ^ug of lymphocyte DNA were digested with the 
restriction enzyme BamHI (Boehringer Mannheim, DE)~7>Nelec- 
trophoresed overnight at 40 V in 1% flat agarose gels \ 
and then transferred to "HybondN" nylon membranes (Amers- 
ham, Buckingshire, GB) in a known manner. 

Hybridizations 

Filters having a DQB-cDNA probe were prehybridized for 
2 to 16 hours in 50% formamide, S x SSC, 5 x Denhart's 
solution, 50 mM Na 2 P0 4 (ph 6.5) and 0.5 mg/ml denatured 
salmon sperm DNA. Hybridization was performed overnight 
in 50% formamide, 1 x Denhart's solution, 20 mM Na 2 P0 4 
(pH 6.5) , 10% dextran sulfate, 0.2 mg/ml denatured salmon 
sperm DNA and 10 6 dpm/ml denatured probe. The washing 
stringency was 0.1 x SSC at 55 °C. 

Probes 

The DQB cDNA probe was derived from the plasmid pII-Bl/ 
cf. La r hammer, D., L. Schenning, K. Gustafsson, K. Wiman, 
L. Claesson, L. Rask, and P. A. Peterson, "Complete amino 
acid sequence of an HLR-DR antigenlinker B chain as pre- 
dicted from the nucleotide sequence: Similarities with 
immunoglobins and HLA-A, -B, and -C antigens." Proc. Natl. 
Acad. Sci. USA 79:3687-3691 (1982), by digestion with 
PstI and EcoRI, and then the 800 bp fragment was eluted 
from agarose melting at a low temperature ("BioRad" , CA). 

A subclone of the BamHI 3.7 kb fragment cloned in pBR322 
was used for constructing the IVSI probe. The recombinant 
plasmid was digested with RSAl to provide a fragment which 
contains 154 base pairs from the intron and 12 base pairs 
from the other exon, which codes for the first region 
of the HLA-DQ B-chain as well as the part of pBR322 dis- 
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posed from the BamHI Site in position 375 to the RSAI 
site in position 2281. This 2072 base pair fragment was 
purified by agarose gel electrophoresis in low melting 
agarose. . 

5 Labelling of probes was done by nick translation using 
"a-32P-dCTP" (Amersham) at 30 TBq/mmol (DQB probe) or 
110 TBq/mmol ( IVS I probe ) . 

Construction of a series of progressive deletions for 
sequence formation 

10" The BamHI 3.7 kb genomic insert was subcloned in the BamHI 
site by pUC19, cf. Yanisk-Perron C, J. Vieira and J. 
Messing "Improved Ml 3 phage cloning vectors and host strains 
nucleotide sequences of the M13mpl8 and pUC19 vectors". 
Gene 33 r 103-119 (1985). This structure was their linearized 

15 with the testriction enzymes SphI and Hindu. SphI digestion 
between the BamHI site in pUC19 and the associated site 
for the reverse sequence primer (Amersham) was performed 
and gave a 4 base 3 1 -overhang, which cannot be obtained 
with "Exonuclease III", (Pharmacia PL Biochemicals, Uppsala, 

20 SE), cf. Henikoff, S. "Unidirectional digestion with exonu- 
clease III creates targeted breakpoints for DNA sequencing". 
Gene 28*351-359 (1984). Hindu digestion with the polylinker 
sequence from pUC19 between the SphI site and the BamHI 
cloning site was used for forming a sticky end which is 

25 susceptible to exonuclease III. There were no sites for 
SphI and Hindi II in the insert. Unidirectional deletions 
disposed from the primer associated site in pUC19 to various 
points in the inserted fragment were isolated by digestion 
of plasmid DNA with SphI and Hindu followed by phenol/ 

30 chloroform extraction and ethanol precipitation. The line- 
arized plasmid DNA was resuspended to 0.1 g/litre in 6.6 
mM Tris-HCl (pH 7.4). containing 6.6 mM MgCl 2 and was in- 
cubated at 37 °C for 5 minutes before addition of exo- 
nuclease III to a final concentration of 10 units/ 
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.ulitre. 'At intervals of 15 seconds, 35 aliquots of 10 
/ 

^ulitres were transferred to 30 ^ulitres 0.2 M NaCl con- 
taining 5 mM EDTA and heated to 70 °C for 10 minutes to 
inactivate the enzyme. DNA was precipitated by addition 
5 of 120 yulitres of ethanol, centrifuged, and each pellet 
was resuspended in 80 ^ulitres of 0.05 M NaOAc (pH 4.5) 
containing 0.1 M NaCl, 30 mM ZnS0 4 and 7 5 Vogt units/ml 
SI nuclease (Boehringer) for removal by incubation for 
30 minutes at room temperature of the singlestranded 3'- 
10 and 5' -end projections formed by SphI and exonuclease 

III, respectively. The reaction was terminated with phenol/ 
chloroform extraction followed by ethanol precipitation. 
Pellets were resuspended in 10 ^ulitres of 25 mM Tris 
HC1 (pH 7.4) containing 5 mM MgCl 2 , 5 mM dithiothreitol 
15 (DDT), 0.25 mM spermidine, 1 mM ATP, 10 ^ug/ml BSA and 
700 units/ml of T4 DNA ligase (Amersham) and ligated at 
room temperature overnight. E. coli'KM109 was transformed 
with 5 ^ulitres of each of the ligated fractions according 
to Hanahan, cf. Hanahan D.' "Studies on transformation 
20 of Escherichia Coli with plasmids". J. Mol. Biol., 166: 
557-580 (1983), the bacteria cells were scattered on LB 
plates containing 50 ^ug/ml of ampicillin. About 10 to 
20 transf ormants from each aliquot were selected for cha- 
racterization of the deletion size by agarose gel electro- 
25 phoresis. Each clone was cultivated overnight in a 5 ml 

L bouillon culture in the presence of 50 ^ug/ml ampicillin. 
Plasmid preparations were produced on a small scale by 
the basic lysis method, cf. Maniatis, T . , E. F. Fritsch 
and J. Sambrook. "Molecular Cloning - a laboratory manual", 
30 Cold Spring Harbor Laboratory (1982), with the following 

modifications. After precipitation with potassium acetate, 
the supernants were centrifuged for 2 minutes, transferred 
to new tubes containing 0.6 volume isopropanol and centri- 
fuged for 5 minutes at 4 °C. Pellets were washed with 
35 80% ethanol and resuspended in TE. A volume 4 M LiCl of 
the same size was added. After 5 minutes at 0 °C, the 
precipitates were collected by centrif ugation for 2 mi- 
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nutes. The supernatants were incubated for 30 minutes 
at 37 °C with 25 ^ug/ml RNase A followed by phenol/ 
chloroform extraction. Plasmid DNA was then precipitated 
by incubation of the samples for 10. minutes at 0 °C in 
5 2.5 volume ethanol. After centrif ugation the pellets were 
washed once in 80% ethanol and once in 99% ethanol, air- 
dried and resuspended in TE. The deletion breakpoints 
were determined by agarose gel electrophoresis of a suitable 
restriction digestion product of plasmid DNA. This analysis 
10 made it possible to decide which clones were to be charac- 
terized additionally by sequencing. 

Sequencing * 

Selected clones from the preparations described in the 
foregoing were sequenced by the chain termination method 

15 using double-stranded r supercoiled plasmid DNA, cf . Chen 
E» Y. and P. H.. Seeburg "Super coil sequencing: a fast 
and simple method for sequencing plasmid DNA". DNA 4:165-. 
170 (1985). Most of the clones from each aliquot had dele- 
tion breakpoints in a region of 50 to 100 base pairs. 

20 The distance between the fractions was roughly 100 to 
200 base pairs. 

Statiistical judgement 

* The difference in the frequency of the individual frag- 
ments between control and samples was judged by the Fisher 
25 exact test or the chi square test with Yate's correction. 
The level of significance was accepted as being p less 
than 0*05 after correction of the p-value for the number 
of variable fragments observed between various individuals. 
The relative risk (RR) was calculated from the formula- 

30 RR = pos» patients x neg. control individuals 

neg» patients x pos. control individuals 
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and the absolute relative risk (ARR) from 

_ pos. patients x tot, control individuals 

ARR — X 

neg. patients x tot, control individuals 

incidence of IDDM 

5 The incidence of IDDM was 0.38%, cf. - Christian, B., H. 

Kromann, M. Christy, O. O. Andersen and J. Nerup. "Inci- 
dence of insulin-dependent diabetes mellitus (0-29 years 
at onset) in Denmark". Acta Med. Scand. Suppl. 624:54-60 
(1979). 

10 RESULTS 

Sequence of the polymorphic BamHI 3.7 kb fragment 

The entire nucleotide sequence of the cloned 3.7 kb frag- 
ment from an HLA-DR4 containing chromosome showed the 
fragment which is referred as DQ0 3. 7,. as being 3558 base 

15 pairs in length. When comparing this sequence to the pre- 
viously published HLA-DR and DQB-chain genes, it was pos- 
sible to identify two coding regions which were almost 
identical with the cosII-102 HLA-DQ 8-chain gene, see 
Proc. Natl. Acad. Sci. USA, vol. 80 pp 7313-7317 (1983) , 

20 Immunology. The coding regions of the first and the second 
regions showed 88-98% homology with other HLA-DQ B-chain 
genes. The first 154 bp of the first intron (IVS 1) and 
the 225 bp from the third one ( ISV 3) are also rather 
comparable (91-96%) with cosII-102 and DC3B HLA-DQ B-chain 

25 genes. All four splicing joints were in accordance with 
the GT/AG rule. 

The predicted amino acid sequence in the -second exon, 
which codes for part of the N- terminal end and the 81 
region of the protein , just showed four amino acids in 
30 the positions 13 , 26, 45 and 57 as being different from 
cosII-102, while there were 11 amino acid substitutions 
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compared with the other HLA-DR4 associated DQ B-chain 
sequence derived from the KT3c21 cDNA clone, see Proc. 
Natl. Acad. Sci. USA, Vol-. 83, pp. 264-2646, Immunology. 
It is . observed that the amino substitutions in various 
5 HLA-DQ &-chains primarily take place in the positions 

25-60 and 65-80. In contrast, only two amino acid substitu- 
tions were found between DQ 3 3.7 and cosl 1-102 in the 
second region. It was therefore concluded that the BamHI 
.3.7 fragment represents an HLA-DQ &-chain gene, and that 
10 two BamHI sites, defining the fragment, were localized 
in the first and the third intermediate sequences. 

The IVS1 probe detects differences between HLA-DR3 / 4 healthy 
individuals and IDDM individuals 

A site Specific probe was constructed from the cloned 

15 DQ B 3.5 fragment. The short {166 bp) IVS1 probe was ex- 
pected to hybridize to closely related DQ 3-chain genes. 
Since the IVSl probe moreover primarily represents non- 
coding sequences, which may be less preserved than their 
coding counterparts, a smaller degree of cross hybridiza- 

20 tion to alleles of other genes was assumed. First, 30 
HLA-DR 3/4 positive Danish individuals were tested, 13 
of whom being IDDM patients and 17 healthy control indi- 
viduals, to find a single hybridization pattern with just 
5 fragments, viz. 12, 10, 4, 3.7 and 3.2 kb. The 10 kb 

25 fragment was present in all individuals, and all (13/13) 
IDDM patients had the 12 kb fragment compared with 10/17 
(59%) of the control individuals (p less than 0.02). Ac- 
tually, all IDDM patients were 12 and 4 kb positive, while 
4 different restriction enzyme patterns were found among 

30 the control individuals. 

Connection between IDDM and IVSl probe restriction frag- 
ments in a population study 

The simplified restriction pattern made it possible to 
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test whether the IVS1 probe would reveal differences be- 
tween randomly chosen IDDM patients and healthy indivi- 
duals. Such..a study would allow an analysis of the strength 
of the possible connection between IDDM and the HLA-DQ 
5 site. It was also important to find whether the ISV1 probe 
would reveal a single hybridization pattern in the back- 
ground population to enable studies of the relative risk 
of developing diabetes without prior knowledge of HLA 
types. Accordingly, 177 healthy adult blood donors (control 
10 individuals) were compared with 113 IDDM patients. 

The presence of distinct hybridization signals gave a 
single non-polymorphic fragment of 10 kb and just 6 vari- 
able fragments in all individuals. Among the 133 IDDM 
patients who had the 10 kb fragment, 25 (21%), 76 (65%) 

15 (p less than 0.001) and 16 (14%) (p less than 0.001) 2.3 
or 4 restriction fragments compared with 25 (14%), 79 
(45%) and (40%J among the control individuals. Only two 
control individuals have as much as 5 and 6 fragments, 
respectively. Analysis of the frequency of individual 

20 fragments among IDDM patients and control individuals 

revealed further differences. By correcting the p-values 

for the number of observed variable fragments, it was 

-4 

shown that 12 kb (p less than 10 ) and 4 kb (p less than 
-4 

10 ) fragments were increased among the IDDM patients, 

25 while the 7.5 kb (p less than 10" 4 ) and 3.7 kp (p less 
3 

than 10 ) fragments were reduced. As many as 108-113 (92% 

of the IDDM patients) had the 12 kb fragment and/or the 

4 kb fragment compared with 112/117 (63%) of the control 

-4 

individuals (p less than 10 ). The simultaneous presence 

30 of the 12 and 4 kb fragments was found in 40/113 (34%) 

IDDM patients compared with 17/117 (10%) control indivi- 

-4 

duals (p less than 10 ). There were no differences between 
sexes in the distribution frequency for various fragments. 
The frequency of various fragments in relation to age 
35 for onset of possible disease was analysed. Among the 
4 3 IDDM patients with an onset age below 20, 42 (98%) 
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were 12 kb and/or 4 kb positive compared with 112/177 

(63%) of the control individuals (p less than 10 ). The 

12 kb - 4 kb positive individuals amounted to 24 (56%), 
while only 17/177 (10%) control individuals were found 
5 (p less than 10" 4 ). 

The relative risk of a young 12 kb - 4 kb positive indivi- 
dual of developing IDDM accordingly constitutes 91.8% 
compared with the control individuals who are negative 
for both of these fragments- The absolute relative risk 
10 was 2,2%. - 

The presence or absence of 12 kb and/or 4 kb fragments 
was also analysed in a group of 46 patients having NIDDM. 
Neither individual fragments nor the fragment combinations 
of 12 kb and 4 kb differed t in frequency between NIDDM 
15 and the control individuals. It was observed that the 

absence of both the 12 kb and the 4 kp" fragments was 7/70 
(10% ) among the IDDM, patients having an onset age of more 
than 20 years compared with 17/46 (37%) of NIDDM patients 
(p less "than 10~ 4 ). 

20 This has been found in a study of a family having an IDDM 
proband, wha were HLA-DR 3/4 and 12 kb positive. The HLA-DR 
type alone was not informative because the mother was 
DR3/4 and IVS1 12,. 7.5 and 3.0 kb positive and the father 
DR3 and IVS1 4 kb positive. The analysis of their 5 child- 

25 ren, however, showed that the father's DR3 was associated 

with a 4 kb fragment on both chromosomes, while the mother 1 
DR3 containing chromosome had the IVS1 fragments 7.5 and 
3.0 kb. The analysis shows that these two fragments had 
a. reduced frequency among the IDDM patients. The IVS1 

30 probe is therefore seen to cleave the HLA-DR3 haplotype 
into subtypes having greater or smaller probability of 
developing IDDM. Moreover, this family study identified 
an IDDM patient who is HLA-DR-/ 7 positive, but who was 
shown to have the BamHI IVS1 probe 4- kb fragment asso- 
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ciated with a blank HLA-DR allele. 
EXAMPLE 2 

Example 1 is repeated, except that the probe is labelled 

2 2 

with Biotin instead of • P. After hybridization, the bio- 
5 tin is coupled to peroxidase storeptavidin, and then the 
probe complex is detected by reaction with 2,2' Azino-di- 
( 3-ethyl-benzothiazoline sulfonate) which is a peroxidase 
substrate. 

EXAMPLE 3 

10 Cells from an individual are lysed. The DNA is isolated 

and applied to a membrane filter. This filter is hybridized 
with a synthetic DNA probe consisting of a sequence of 
12 bases or more, which occur in the probe in question. 
The synthetic probe is labelled prior to hybridization, 

15 as described in example 1 or example 2, and detection 
takes place autoradiographically or enzymatically. 

EXAMPLE 4 

Example 3 is repeated, except that the probe is one having 
a sequence of least 15 bases showing 8 0% homology or more 
20 to a sequence of at least 15 bases in the sequence in 
question. 

EXAMPLE 5 

Example 1 is repeated, except that the probe is coupled 
to an arbitrary DNA sequence prior to hybridization. 
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Patent Claims: 



1. An agent for detection of gene structures which are 
characteristic of humans having a tendency to develop 
insulin-dependent diabetes mellitus (IDDM), consisting 

5 of or containing a DNA sequence from the HLA-DQ 3 -chain 

gene, characterized in that the DNA sequence 
comprises 154 bp from intron 1 (IVS1) and the adjoining 
first 12 bp of exon 2 or reactive fragment thereof. 

2. An agent according to claim l,character- 
10 i z e d in that it comprises part of the following DNA 

sequence: 

GGATCCCAGGTCTGCAGCGCGAGGCACGGGCCGGCGGGAACTGGAGGTCGCGCGGG 
CGGTTCCAC^GCTCCGGGCCGGGTCAGGGCGGCGGCTGCGGGGTGGCCfGGGCTGGG 
GCCGGGCCGGGGCCGGACTGACCGGCCGGTGATTCCCCGCAGAGGATTTCGTGT 

15 3 . A process for identification of DNA structures from 
humans having a great tendency to develop IDDM, cha- 
racterized by hybridizing chromosomes from a 
human cell with the agent of claim 1 or 2 in a labelled 
state, and then detecting the hybrid thus labelled . 

20 4. A process according to claim 3, character- 

32 

i z e d in that the agent is a probe labelled P r the 
detection being performed by autoradiography, 

5. A process according to claim 3 or 4, charac- 
terized by using chromosomes from nucleated blood 

25 cells. 

6. A process according to any of claims 3-5, char- 
acterized by cleaving the chromosomes with the 
restriction enzyme BamHI, following which the resulting 
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DNA fractions are subjected to gel electrophoresis, trans- 
ferred to membrane and hybridized with the labelled probe. 

7. A process according to any of claims 3-6 , charac- 
terized by using a DNA sequence having at least 
5 15 bases showing 80% homology or more to a sequence of 
at least 15 bases in the original sequence. 
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